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Description 

The present invention relates to a nickel cermet, to the process for preparing It and to the use thereof as anodic 
material for solid oxide fuel cells (SOFC). 
5 Solid oxide fuel cells (SOFC) are known in the art, which use, as solid electrolite, a mixture of yttria (YgOg) and 

zirconia (Zr02), an anode formed by a nickel/zirconia cermet and a lanthanum manganite (LaMnOg) cathode. For a 
general description of such cells, reference is made to Ullmann's Encyclopedia of Industrial Chemistry, Vol. A12, Ed. 
1 989, pages 80-82 and to the references cited therein. 

The nickel/zirconia cermet used as the anodic material is normally constituted by a dispersion of nickel metal in 
10 zirconia stabilized in the cubic crystal form with yttria. 

The processes for preparing such a cermet essentially comprise mechanically dispersing nickel oxide throughout 
the stabilized zirconia. then reducing nfckel oxide into nickel metal: So, e.g., according to the specif icatton of U.S. 
3,300,344; mixed zirconia and yttria, obtained by precipitation from an aqueous solution, are transformed into shaped 
bodies with the addition of nickel oxide and carbon powder, and the nickel oxide is reduced in order to yield nickel 
15 metal, owing to the effect of carbon powder at high temperature. 

Furthermore, in the paper: Morphotogy and Electrochemistry of Porous Nickel/Zirconia Cermets, at pages 90-98 
of Proceedings of the First International Symposium on Solid Oxide Fuel Cells, S.C. Singhal, Ed. 1989, the reduction 
with hydrogen of a mixture of sintered powders obtained by co-milling, with a ball mill, nickel oxide and stabilized 
zirconia, is described. Other well-known techniques are those based on C.V.D. (chemical vapour deposition) and RS. 
20 (plasma spraying) described, e.g., by H. Arai in International Symposium on SOFC, Nov. 1 3-1 4^*^, 1989, Nagoya, Japan. 
The nickel cemnets obtained by means of the processes known from the prior art are not completely satisfactory 
in the application to fuel cells, mainly due to their incapability to supply nickel with a large enough active surface-area 
for offering interesting catalytic properties (A.L. Lee et al., Ind. Eng. Chem. Res., 1 990. 29. 766-773). 

Another problem derives from the difficulty of accomplishing a complete reduction of nickel oxide particles, into 
25 nickel metal. The paper by S.C. Singhai, cited hereinabove, reports in fact that the particles with larger size than 
approximately 3 ^im retain an NiO core after their reduction with hydrogen. On the other hand, as regards the C.V.D. 
and RS. techniques, problems exist as to the quality of the resulting material and due to the difficulties to be faced 
when said techniques are applied to the construction of medium- and high-power cells. 

The present Applicant found now, according to the present invention, a process which makes it possible a solid 
30 material composed by nickel oxide and stabilized zirconia, as two distinct phases, with a phase distribution at a lower 
level than 1 ^m. to be obtained. 

It was f urthemiore found that nickel oxide contained in such a solid material can be reduced to a complete, or 
substantially complete, extent, by means of hydrogen, in order to yield a nickel cermet with a submicronic distribution 
of the phases and a large active nickel surface-area, so as to render the same cermet particularly suitable for use as 
55 material for solid oxide fuel cells (SOFC). 

In accordance therewith, according to an aspect thereof, the present invention relates to a nickel cermet consisting 
of 35-70% by weight of a metal nickel phase and 65-30% by weight of a zirconia phase stabilized in the cubic form 
with yttria, with, on X-ray diffraction analysis, both said phases appearing as distinct and homogeneously distributed 
at a level lower than 1 ^m, and said nickel cermet, when submitted to the hydrogen chemlsorption test by means of 
40 the pulsed technique, showing a percent dispersion of nickel of from 0.2 to 2.0 and a specific surface-area comprised 
within the range of from 2 to 12 m^/g of nickel and of from 1 to 4 m2 /g of cermet. 

Such a nickel cemnet usually displays a portion of its surface-area coated with nickel, which Is comprised within 
the range of from 4 to 30%, or even more, of its total surface-area. 

According to another aspect thereof, the present invention relates to a process for preparing a nickel cermet with 
45 the above reported characteristk;s, which process comprises the following steps: 

(a) preparing an aqueous solution containing a water-soluble, heat-decomposable zirconyl. yttrium and nickel salt, 
and an organic hydroxyacid or aminoacid, or a poly(acrylic acid); 

(b) removing water from the solution prepared in above step (a), in the absence, or in the substantial absence, of 
so decomposition phenomena, in order to separate a porous solid material; 

(c) calcining the porous solid separated in the step (b), under oxidizing conditions, in order to cause the formation 
to occur of a solid material containing two distinct phases of nickel oxide, and of zirconia stabilized in the cubte 
fonm with yttria, with a phase distribution at a lower level than 1 \m\ and 

(d) reducing the nickel oxide into nickel metal, inside the solid material obtained from the step (c), in order to obtain 
55 the nickel cermet. 

The water-soluble, heat-decomposable salts of zirconyl, yttrium and nickel used in order to prepare the solution 
in the step (a) of the present process can be selected from among the salts of carboxy acids, or nitrate salts. Particularly 
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suitable salts are zirconyl nitrate, zirconyl acetate, yttrium acetate, nickel nitrate and nickel acetate. The hydroxyacids 
suitable for use in the present invention are selected from among aliphatic or aromatic hydroxyacids, such as citric 
acid, lactic acid, glycolic acid, tartaric acid and mandelic acid. Of these, citric acid is preferred. 

Suitable aminoaclds are glycine and alanine. For the Intended purpose, also a poly(acrylic acid) may be used. 

5 Advantageously, aqueous solutions of zirconyl, yttrium and nickel salts are prepared, in which the relative ratios 

of the same salts are such as to have. In the nickel cermet obtained as the end product, from 35 to 70% by weight of 
nickel metal and from 65 to 30% by weight of zirconia stabilized with from 5 to 20 mol of yttria per each 100 mol of 
zirconia. The amount of organic hydroxyacid or aminoacid may furthermore be comprised within the range of from 2 
to 4 mol per each mol of zirconium, yttrium and nickel metals. Under these conditions, the pH of the solution will normally 

10 be comprised within the range of from 2 to 5. 

The solution can be prepared by dissolving in water the salts and the organic hydroxyacid, operating at room 
temperature, or favouring the solubilization by operating at higher temperatures. The order of addition of the reactants 
Is not critical; however, forming an aqueous solution of the organic hydroxyacid and adding to said solution the salts 
of zirconyl, yttrium and nickel, is preferable. 

IS According to the present invention, from the resulting solution water is removed, In the step (b) of the process, by 
operating under such temperature conditions as to prevent, or substantially prevent, any decomposition phenomena. 
In particular, said water removal can be carried out by evaporating water under vacuum, at a temperature not higher 
than about 80' C, by working, e.g., on a rotational evaporator. 

According to an altemative operating way, water is removed by means of the spray-drying technique, by feeding 

20 the solution, with a concentration of from about 5 to about 30% (by weight/weight), in a finely subdivided form, to an 
apparatus for co-current or counter-current spray-drying with an inert gas, such as nitrogen, or air. 

In general, the gas stream entering the spray dryer should have a temperature comprised within the range of from 
^50°0 to 300°C. preferably of from 180**C to 200°C, and the leaving stream should preferably have a temperature of 
the order of from SO'^C to 200*^0, preferably of from 130*C to 170X. In any case, from the drying step a crumbly, 

2S porous solid, generally of green-ochre colour » according to the temperature values used - will be obtained. 

According to the present invention, the solid material obtained in that way is submitted to calcination, in the step 
(c) of the present process, by operating at high temperatures and in an oxidizing atmosphere. In particular, suitable 
calcination temperatures are generally comprised within the range of from BOO'^C to 1000*C, and the calcination times 
should generally be comprised within the range of from 1 to 10 hours. According to a preferred form of practical em- 

30 bodiment, the calcination is carried out at temperatures of the order of 900"C, for a time of from 3 to 5 hours. The 
oxidizing atmosphere can be constituted by oxygen, air, or oxygen-enriched air. By operating under these condittons, 
from the solid material the combustible or decomposable fraction is removed, and the formation of the oxides of the 
metals present is caused. Surprisingly, it was observed that such a solid material consists of two distinct phases of 
nickel oxide and zirconia stabilized in the cubic form with yttria, with a phase distribution at a tower level than 1 ^m. 

3S This solid material is submitted to treatment with hydrogen, in the step (d) of the process, in order to reduce nickel 
oxide into nickel metal, and obtain the nickel cermet. In particular, the reduction is carried out by bringing the calcined 
solid material into contact with hydrogen gas, operating at temperatures comprised within the range of from 20"C to 
1000°C, In order to obtain a complete, or substantially complete, reduction of nickel oxide into nickel metal. Useful 
reduction times are of the order of from 1 to 3 hours. 

40 In that way, the nickel cermet according to the present Invention Is obtained, which generally contains 35-70% by 
weight of a metal nickel phase and 65-30% by weight of a zirconia phase stabilized in the cubic form with yttria, and 
displaying the other characteristics, as reported hereinabove. 

According to a further aspect thereof, the present invention relates to a solid oxide fuel cell (SOFC) characterized 
in that it comprises, as its anode, the nickel cermet with the characteristics reported hereinabove. 

45 In partfcular, such an anode can be obtained by applying, according to known techniques, the nickel cermet of the 
present invention to a solid electrolyte of zirconia stabilized with yttria. 

According to a particular form of embodiment of the solid electrolyte, the powder of metal oxides obtained after 
calcination in the step (c) of the process is applied, followed by the reduction, jnsit^u, of nickel oxide into nickel metal. 
The following experimental examples are given for the purpose of better illustrating the present invention. 

so 

ExampleJ. 

In 330 ml of demineralized water, 100.07 g of citric acid monohydrate (CeHgOy.HgO) is dissolved at room temper- 
ature, and then 15.605 g of zirconyl nitrate hydrate 2rO(N03)2.xH20 (zirconium content 32.71% by weight), 4.332 g 
55 of yttrium acetate tetrahydrate Y(CH3COO)3.4H20 (26.8% by weight of yttrium) and 25.46 g of nickel nitrate hexahy- 
drate Ni(N03)2.6H20 (20.18% by weight of nk:kel) are dissolved. 

The solution is charged to a rotational evaporator and the solvent is evaporated by operating at 70°C and 74 
mmHg. A 146 g of a crumbly, porous solkl residue of green colour is collected. 
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The solid is calcined In a muffle at 900°C for 4 hours, under a flowing air stream. A 16.38 g of a solid material is 
collected which, on analysis by powder X-ray diffraction, results to be constituted by nickel oxide and zirconia stabilized 
with yttria, without other detectable crystalline phases. The nickel content in the solid product is of 35.14% by weight. 

The calcined solid is furthermore submitted to an X-ray mapping (STEM) which allows the distribution of the crys- 
6 talline phases present in the sample, to be examined at sub-micronic level. 

It Is thus determined that nickel oxide is uniformly distributed, at a level lower than 1 p.m, throughout the matrix of 
zirconia stabilized with yttria. 

The calcined solid material is submitted to reduction by means of TPR (Thermal Programmed Reduction) tech- 
nique. More particularly 50 mg of sample, with particle size comprised within the range of from 20 to 40 mesh, is 
10 charged to a tubular quartz reactor and Is exposed to a hydrogen stream flowing at a flowrate of 2.2 mlAninute, diluted 
in 17 ml/minute of helium (purity of gases 99.999%). 

The sample is heated by means of a tubular furnace, using a linear thermal ramp of 1 0^C/mlnute, from 30 to 900''C. 
The effluent stream from the reactor Is analysed by a quadrupolar mass spectrometer. The results of the reduction test 
are reported in Table I. 

IS The hydrogenated sample Is submitted to tests of hydrogen chemlsorption by means of the pulsed tecnique. 

From such test, the values are obtained of % nickel dispersion; of specific surface-area, as m^/g of nickel; of 
specific surface-area, as m^/g of cermet; and of coated surface-area, as % of total surface-area. These data are re- 
ported in Table It. 

20 Exarnp[e^2 

In 250 ml of demineralized water, 38.8 g of citric acid monohydrate (CgHgOy. H2O) is dissolved at room temperature, 
and then 3.91 g of zirconyl nitrate hydrate ZrO(N03)2.xH20 (zirconium content 32.71% by weight), 1.08 g of yttrium 
acetate tetrahydrate Y(CH3COO)3.4H20 (26.8% by weight of yttrium) and 12.73 g of nickel nitrate hexahydrate Ni 
25 (N03)2.6H20 (20. 1 8% by weight of nickel) are dissolved. 

The solution is charged to a rotational evaporator and the solvent Is evaporated by operating at 70°C and 74 
mmHg. 56.55 g of a crumbly, porous solid residue of green colour Is collected, which is calcined In a muffle at 900**C 
for 4 hours, under a flowing air stream. A 5.73 g of a solid material is collected which, on analysis by powder X-ray 
diffraction, results to be constituted by nickel oxide and zirconia stabilized with yttria, without other detectable crystalline 
30 phases. The nickel content in the solid product is of 44.7% by weight. 

The calcined solid is furthermore submitted to an X-ray mapping (STEM) which allows the distribution of the crys- 
talline phases present in the sample, to be examined at sub-micronk; level. 

It is thus determined that nickel oxide is uniformly distributed, at a lower level than 1 ^m, throughout the matrix of 
zirconia stabilized with yttria. 

3S A sample of 50 mg of the calcined solid material, with particle size comprised within the range of from 20 to 40 

mesh. Is treated with hydrogen under the same conditions of Example 1 . The results of the test are reported in Table I. 

Examp[e_3 

40 In 250 ml of demineralized water, 27.07 g of citric acid monohydrate (C6H8O7.H2O) is dissolved at room temper- 
ature, and then 1.95 g of zirconyl nitrate hydrate ZrO(N03)2.xH20 (zirconium content 32.71% by weight), 0.54 g of 
yttrium acetate tetrahydrate Y(CH3CC)0)3.4H20 (26.8% by weight of yttrium) and 8.54 g of nickel nitrate hexahydrate 
Ni(N03)2.6H20 (20.18% by weight of nickel) are dissolved. 

The weight of the solution is adjusted at 500 g by means of the addition of distilled water. The resulting solution is 

45 sent to a spray dryer operating with an entering gas flow with the temperature of 215°C and a leaving gas flow with 
the temperature of 150''C. A 38.1 g of a crumbly, porous solid residue of green colour is collected, which is calcined 
in a muffle at 900*'C for 4 hours, under a flowing air stream. A 3.78 g of a solid material is collected which, on analysis 
by powder X-ray diffraction, results to be constituted by nickel oxide and zirconia stabilized with yttria, without other 
detectable crystalline phases. The nickel content in the solid product is of 55.70% by weight. 

50 The calcined solid is furthermore submitted to an X-ray mapping (STEM) which allows the distribution of the crys- 
talline phases present in the sample, to be examined at sub-micronk: level. 

It is thus determined that nickel oxide is uniformly distributed, at a level lower than 1 ^m, throughout the matrix of 
zirconia stabilized with yttria. 

A sample of 50 mg of the calcined solid material, with particle size comprised within the range of from 20 to 40 

55 mesh, is treated with hydrogen under the same conditions of Example 1 . The results obtained from this test are reported 
in Table I. 

A sample of 0.4548 g of hydrogenated solid material is submitted to chemlsorption tests as described in Example 
1 , and the results are reported in Table II. 



4 



EP 0 525 844 B1 



Table 1 



Example No. 


Tf^C) of reduction beginning 


T(*C) ot reduction end 


T(*'C) at which reduction rate is maximal 


1 


322 


454 


398 


2 


288 


468 


398 


• 3 


305 


498 


405 



10 Table II 



Example No. 


Dispersion (Ni %) 


Specific surface-area, rrfi/ 
gof Ni 


Specific surface-area, nfi/ 
9 of solid 


Coated surface, % 


1 


1.4903 


9.9278 


3.4886 


21.05 


2 


0.5122 


3.4121 


1.900 


18.55 


3 


0.8708 


5.808 


2.7670 


19.60 



Claims 

20 

1. Nickel cermet consisting of 35-70% by weight of a metal nickel phase and 65-30% by weight of a zirconia phase 
stabilized in the cubic form with yttria, with, on X-ray diffraction analysis, both said phases appearing as distinct 
and homogeneously distributed at a level lower than 1 lom. and said nickel cermet, when submitted to the hydrogen 
chemisorption test by means of the pulsed technique, showing a percent dispersion of nickel of from 0.2 to 2.0 
25 and a specific surface-area comprised within the range of from 2 to 12 m2/g of nickel and of from 1 to 4 m^/g of 
cermet. 



2. Process for preparing the nickel cermet according to claim 1 , characterized in that said process comprises the 
following steps: 

30 

(a) preparing an aqueous solution containing a water-soluble, heat-decomposable zirconyl, yttrium and nickel 
salt, and an organic hydroxyacid or aminoacid, or a poly(acrylic acid); 

(b) removing water from the solution prepared in above step (a), in the absence, or In the substantial absence, 
of decomposition phenomena, in order to separate a porous solid material; 

35 (c) calcining the porous solid separated in the step (b), under oxidizing conditions, in order to cause the for- 

mation to occur of a solid material containing two distinct phases of nickel oxide, and of zirconia stabilized in 
the cubic form with yttria, with a phase distribution at a level lower than 1 ^im; and 

(d) reducing the nickel oxide into nickel metal, inside the solid material obtained from the step (c), in order to 
obtain the nickel cermet. 

40 

3. Process according to claim 2, characterized in that the water-soluble, heat-decomposable zirconyl, yttrium and 
nickel salts, used to form the solution in the step (a), are selected from among the salts of carboxy acids, or nitrate 
salts. 

45 4. Process according to claim 3, characterized in that said zirconyl, yttrium and nickel salts are zirconyl nitrate, zirconyl 
acetate, yttrium acetate, nickel nitrate and nickel acetate. 

6. Process according to claim 2. characterized in that the organic hydroxyacids are selected from among citric acid, 
lactic acid, glycolic acid, tartaric acid and mandelic acid and the organic aminoacids are selected from glycine and 
50 alanine. 

6. Process according to claim 5, characterized in that the hydroxyacid used is citric acid. 

7. Process according to claims from 2 to 6, characterized in that in the step (a) an aqueous solution of zirconyl, yttrium 
55 and nickel salts is prepared with such relative ratios of the same salts as to have, in the nickel cermet obtained as 

the end product, a content of from 35 to 70% by weight of nickel metal and from 65 to 30% by weight of zirconia 
stabilized with from 5 to 20 mol of yttria per each 100 mol of zirconia, with the amount of organic hydroxyacid or 
aminoacid being comprised within the range of from 2 to 4 mol per each mol of zirconium, yttrium and nickel metals, 
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and the pH value of the solution being comprised within the range of from 2 to 5. 

8. Process according to claim 2, characterized in that in the step (b) water is removed from the solution by operating 
under vacuum at a temperature not higher than about 80'C or by spray-drying. 

5 

9. Process according to claim 2, characterized in that in the step (c) the calcination- is carried out at a temperature 
comprised within the range of from 800°C to 1000**C, during a time of from 1 to 10 hours in an atmosphere of 
oxygen, air, or oxygen-enriched air. 

10 10. Process according to claim 9 , characterized in that said calcination is carried out at about 900^0 during a time of 
from 3 to 5 hours. 

11. Process according to claim 2, characterized in that in the step (d) the reduction is carried out by bringing the 
calcined solid material into contact with hydrogen gas, operating at temperatures comprised within the range of 

IS from20»Cto1000"C. 

12. Use of nickel cermet according to claim 1 . as anodic material for solid oxide fuel cells (SOFC). 



20 Patentanspruche 

1. Nickelcermet bestehend aus 35-70 Gew.-% einer Metallnickel= phase und 65-30 Gew.-% einer Zircon iumdioxid- 
phase, die In der kubischen Form mit Yttriumoxid stabilisiert ist, wobei in der Rontgenbeugungsanatyse beide 
Phasen getrennt und homogen verteilt erscheinen auf einem Niveau unter 1 nm und das Nickelcermet, wenn es 

25 dem Wasserstoff-Chemisorptionstest mit Hitfe der impulstechnik unterworfen wird, eine prozentuale Dispersion 
des Nickel von 0,2 bis 2,0 und eine spezifische Oberflache im Bereich von 2 bis 12 m^/g des Nickels und von 1 
bis 4 rrfi/g des Cermets zeigt. 

2. Verfahren zur Herstellung des Nickelcermets nach Anspruch 1 , gekennzeichnet durch die folgenden Schritte: 

30 

(a) Herstellen einer wa3rigen Losung. die ein wasseridsliches, durch Warme zersetzliches Zirconiumoxid-, 
Yttrium- und Nickelsalz sowie eine organische Hydroxysaure Oder Aminosaure Oder Polyacrylsaure enthalt; 

(b) Entfernen des Wassers aus der in obiger Stufe (a) hergestellten Losung ohne oder im wesentlichen ohne 
35 Zersetzungserscheinungen, um ein poroses, testes Material abzutrennen; 

(c) Calcinieren des in der Stufe (b) abgetrennten porosen, festen Materials unter oxidierenden Bedingungen, 
um die Bildung eines festen Materials stattflnden zu lassen, das zwei getrennte Phasen des Nickeloxids und 
des in der kubischen Form mit Yttriumoxid stabilisierten Zirconiumdioxids mit einer Phasenverteilung auf einem 

40 Niveau unter 1 um enthalt; und 

(d) Reduzieren des Nickeloxids zu Nickelmetall innerhalb des in der Stufe (c) erhaltenen festen Materials, um 
das Nickelcermet zu erhalten. 

45 3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, da3 die wasserloslichen, durch Warme zersetzlichen 
Zirconiumoxid- , Yttrium- und Nickelsaize, die zur Herstellung der Losung in der Stufe (a) venwendet werden, unter 
den Salzen der CariDonsauren Oder den Nitratsalzen ausgewahtt sind. 

4. Verfahren nach Anspurch 3, dadurch gekennzeichnet, daB die Zirconiumoxid- , Yttrium- und Nickelsaize Zirconi- 
50 umnitratoxid, Zirconiumacetatoxid, Yttriumacetat, Nickelnitrat und Nickelacetat sind. 

5. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daQ die organischen Hydroxysauren unter Citronensaure, 
Milchsaure, Qlykolsaure, Weinsaure und Mandelsaure und die organischen Aminosauren unter Glycin und Alanin 
ausgewahit sind. 

55 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, da3 die Hydroxysaure Citronensaure ist. 

7. Verfahren nach einem der AnsprQche 2 bis 6, dadurch gekennzeichnet, da3 in der Stufe (a) eine waBrige Losung 
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von Zirconiumoxld- , Yttrium- und Nickelsalzen in solchen Verhaltnlssen der Saize zueinander hergestellt wird. urn 
in dem als Endprodukt erhaltenen Nickelcermet einen Gehalt von 35 bis 70 Gew.-% Nickelmetall und von 65 bis 
30 Gew.-% Zirconiumdioxid, stabilisiert nnit 5 bis 20 Mol Yttriumoxid je 100 Mol Zircon iunndioxid, zu liaben, wobei 
die Menge derorganischen Hydroxysaure oder Aminosaure im Bereich von 2 bis 4 Mo! je Mol Zirconium- , Yttrlum- 
s und Nickelmetalie (iegt und der pH-Wert der Losung im Bereich von 2 bis 5 liegt. 

8. Verfahren nach Anspruch 2, dadurcli gekennzeiclinet, daQ in der Stufe (b) das W&sser aus der Losung unter 
Vakuum be! einer Temperatur nicht uber etwa 60'*C oder durch Sprulitrocknung entfemt wlrd. 

10 9. Verfahren nach Anspruch 2, dadurch gekennzeichnet, da3 In der Stufe (c) die Calcinierung bei einer Temperatur 
im Bereich von 800°C bis 1 000*C wahrend 1 bis 10 Stunden in einer Sauerstoff- , Luft- oder mit Sauerstoff ange- 
reicherlen Luftatmosphare durchgefOhrt wird. 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, da3 die Calcinierung bei etwa 900°C wahrend 3 bis 5 Stun- 
IS den durchgefOhrt wird. 

11 . Verfahren nach Anspruch 2, dadurch gekennzeichnet. da8 in der Stufe (d) die Reduktion durchgefOhrt wird. indem 
das calcinierte teste Material mit Wasserstoffgas bei Arbeitstemperaturen Im Bereich von 20*0 bis lOOO'C in 
Kontakt gebracht wird. 

20 

12. Venwendung des Nickelcermets nach Anspruch 1 als anodisches Material fOr Festoxid-Brennstoffzellen (SOFC 
solid oxide fuel cells). 



25 Revendlcatlons 

1. Cermet de nickel, constitud de 35 k 70 % en poids d'une phase de nickel m^tallque et de 65 & 30 % en poids 
d'une phase de zircone stabilis6e sous la forme cubique par de lyttria, les deux dites phases apparaissant, lors 
d'une analyse de diffraction des rayons X, comme distlnctes et distributes de fagon homog6ne h une valeur inf6- 

30 rieure k 1 ^m, et ledit cermet de nickel, lorsqu*ll est soumis k un essai de chimlsorption d'hydrogdne au moyen de 
la technique par impulsions, presentant un pourcentage de dispersbn du nickel allant de 0,2 k 2,0 et une aire 
sp6cifique comprise dans I'intervalle allant de 2 6 12 m^/g de nickel et de 1 ^ 4 m^/g de cenmet. 

2. Proc6d6 pour preparer le cermet de nickel selon la revendication 1 , caracttrist en ce que ledit proctdt comprend 
35 les stapes sulvantes : 

(a) preparation d'une solution aqueuse contenant un sel de zirconyle, d'yttrium et de nickel soluble dans I'eau 
et decomposable k la chaleur, et un hydroxyacide ou acide amind organique. ou un acide polyacrylique ; 

(b) elimination de I'eau de la solution prtparee dans I'etape (a) ci-dessus, en I'absence ou pratlquement en 
40 I'absence de phdnomdnes de decomposition, afin de separer un materiau sollde poreux ; 

(c) calcination du solide poreux separe dans I'etape (b). dans des conditions oxydantes, afin de provoquer 
I'apparition de la formation d'un materiau solide contenant deux phases distlnctes d'oxyde de nickel et de 
zircone stabiiisee sous la forme cubique avec de lyttria et ayant une distribution de phases d'une valeur in- 
ferieure ^ 1 jom ; et 

45 (d) reduction de I'oxyde de nickel en nickel metallique, k i'interieur du materiau solide obtenu dans I'etape (c). 

afin d'obtenir le cermet de nickel. 

3. Proc6de selon la revendication 2, caract6ris6 en ce que les sels de zirconyle, d'yttrium et de nickel solubles dans 
I'eau et decomposables k la chaleur, utilises pour former la solution dans I'etape (a), sont choisis parmi les sels 

50 carboxylates et nitrates. 

4. Procede selon la revendication 3, caracterise en ce que lesdits sels de zirconyle, d'yttrium et de nickel sont le 
nitrate de zirconyle, I'acetate de zirconyle, I'acetate d'yttrium, le nitrate de nickel et I'acetate de nickel. 

55 5. Procede selon la revendication 2, caracterise en ce que les hydroxyacides organiques sont choisis parmi I'acide 
citrique, I'acide lactique, i'acide glycolique, I'acide tartrique et I'acide mandeiique, et les acides amines organiques 
sont choisis parmi la glycine et I'alanlne. 
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6. Proc6d6 seion la revendication 5. caractdris§ en ce que Thydroxyacide utilise est I'acide citrique. 

7. Proc6d6 selon las revendications 2^6, caract6ris6 en ce que, dans I'^tape (a), une solution aqueuse de sels de 
zirconyle, d'yttrlum et de nickel est pr^par^e avec des rapports relatifs desdits sels tels que le cermet de nickel 

5 obtenu en tant que produit final ait une teneur en nickel m6tallique allant de 35 k 70 % en poids et une teneur en 

zircone stabills^e avec 5 ^ 20 moles dyttria pour 1 00 moles de zircone, allant de 65 ^ 30 % en poids, la quantity 
d'hydrcxyacide ou d'aclde amind organique dtant comprise dans i'lntervalie allant de 2 ^ 4 moles par mole de 
zirconium, d'yttrium et de nickel mdtaliiques, et le pH de ia solution dtant compris dans Tintervalle allant de 2 ^ 5. 

10 8. Proc6dd seion la revendication 2, caract6ris6 en ce que, dans I'^tape (b), Teau est dlimin^e de la solution par 
traitement sous vide k une temperature ne d^passant pas environ SO'^C, ou bien par spoilage par pulverisation. 

9. Proc^dd selon la revendication 2, caractdrise en ce que, dans i'6tape (c). la calcination est r6alis6e k une tempe- 
rature comprise dans Tintervalle allant de 800^*0 h 1000^*0, pendant une duree allant de 1 ^ 10 heures et dans 

IS une atmosphere d'oxygene, d'air ou d'air enrichi en oxygene. 

10. Procede selon la revendication 9, caracterise en ce que ladite calcination se deroule k environ 900^C et pendant 
une duree allant de 3 ^ 5 heures. 

20 11. Procede selon la revendication 2, caracterise en ce que, dans retape (d), la reduction se deroule par mise en 
contact du materiau sollde calcine avec de I'hydrogene gazeux, la temperature de traitement etant comprise dans 
I'lnten^alle allant de 20<'C k lOOO^'C. 

12. Utilisation du cermet de nickel selon la revendication 1 en tant que materiau d'anode pour des piles k combustible 
2S de type oxyde solide (SOFC). 
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